l-Definitions(pharmacology& drug) 


Pharmacology 


Is the science concerned with the study of drug 
action on the biological system. 


Drug 

o 


It is the substance that interacts with the body through 
chemical process & modifies its function (either 
increase it or decrease it) but don’t create a new one. 


jluiil jl£ biological systemsJ' drugJl jjjIj Jl! ^ Ljlill 
jUk^clinical pharmacologyc^^ Jo J l^a jUdl j' 

^llo ej£ 

defof drug? ol J*j jh 

jaij U jjo ^ functionJ' j' d>* biological function W J 
jjjAdl jl (normal^ h» 4jjl A^LlJ /Jli* 

(Jjjja ^^jc. ^jbuk^ . 1 1 ji Ij .ikLlJ id' -hi-Jall JaJ J 

vaso construction Jl 


2-difference between(pharmacokinetics-pharmacodynamics) 

• Pharmacokinetics: what the body does to a drug. 

* Pharmacodynamics: what the drug does to the body 

Ac-ligction Jl (jLuSc. 4 xu>i-n J aJ Ijdl jj ■ ^ ^ (jlxijl 1 jljli jJ 

O^analgesic 

ADME 4 lU4jj ' Jl Jo JU ja : pharmacokinetics J' 

systemic circulation^ J^jjsite of admisterationJ' t> ' Jl Js Absorption A- 

‘La^uuVIj l£UJl Jl ,> I Jl Distrubition....-D 

toxicity jtift 4x.lL actionJ' U I Jl Jumetabolism M 

.faces j'bile j' urine Jja J <^JI i> ' J' J 4 Excretion E 
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pharmacodynamics Ji 


mechanism of action J' ^ Jjii jiij ... I jA\ jjjU 

© Jo fil (J-WUJj III jJlll AX-llj 

pharmacokinetics J' v 1 6 


ABSORPTION Jjj 



Def of absorption 


Transfer of adrug from site of 


adminstration to the blood stream. 

mechanism of absorption J 

passive diffusion- 
faciliated diffusion- 
active transport - 
endocytosis& exocytosis- 


Jo Jij liilk©©© 

cell J' l>^ lipophilic uj^ <0^ A k < ->^j Ij^ll jLaio 

lipophilic ^ jj AJVmemberane 

j'pores i>cell memberaneJ' hydrophilic characters aJ Jll I j^l Ul 
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facilitated diffusionJ'j, passive diffusion Jl 


A. Absorption 


GIT absorption 
Mechanisms 


1. Passive diffusion: 

* Drug moves from a region of Tconcentration 
to one of 4» concentration. 

* Needs no energy - Not saturable. 

2. Facilitated diffusion: 

- Facilitates movement of larger molecules 
using carriers. 

* Carrier proteins undergo conformational 
changes — > passage of drugs from an area of 
tconcentration to an area of -i- concentration. 

* Needs no energy - Can be saturated. 


© Dr. Ahmed Ermat 



JLW Passive diffusion 

(with concenteration gradient) low cone— highconcJ' i> JU&I- 

no need of carrier- 
Facilitated diffusion 
low cone— -high concJ' i> oAa 
larg moleculeJ' J*^ j^carrier 

large molecule J'Jj^^^ Ah** cj! c> uj%?carrier J'- 

saturation ^^j j 


A. Absorption 


GIT absorption 
Mechanisms 


3 . 


Active transport: 

* Specific carriers move the drug molecules 
against the concentration gradient. 

- Energy is needed and is supplied through 
ATP hydrolysis. 

* The process is saturable. 


Active transport 


JTP JkftP 


- ■ -nr 

mMJL 


fmnTTif 

mm 


© 


active tran sport J' 

(Against cone gradient)high cone— low concJ' i > 
cone gradient J' J^3 energy J' 
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4. Endocytosis & exocytosis: 

* Transport drugs of exceptionally large — 

size. “UJ Endmyluiii 

* Endocytosis involves engulfment of a drug 
molecule by the cell membrane and transport 
into the celt, while exocytosis is the opposite. 

* EX: 

* Vitamin is transported across the gut 
watt by endocytosis, 

* Norepinephrine is stored in membrane- 
bound vesicles in the nerve terminal and is 
re/eased by exocytosis ? 1 Ah “^ 



a . A bl2 lSj larg moleculesJ' ^^Endocytosis J' 

a ^ njection cjliLolliill jj ^ aj£ (jLuk. AlajUb 

.vesiclesJ' t>neuro transmitters release J' lO exocytosisJ' 


Endocytosis & Exocytosis: 


<^ yaa v j ° 


W-T* 


s» a a 


Mb# 



0^4* o 




sr 


mechanism of absorption ©J> 

^ j factors affected absorption^ (JC- ^aKHA 


/ 


ph 


\ 


p-glycoproteins 


\ 


factors affecting 
absorption 


blood 

flow 


total 

surface 

area 


/ 






contact 

time 
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A. Absorption 


Factors influencing 
absorption 


1. pH at absorption site: 

- A drug passes through membranes more readily if it 
is uncharged. 

* For a weak acid, the uncharged, protonated HA can 
permeate through membranes, and A- cannot. 

* For a weak base, the uncharged form. B. penetrates 
through the cell membrane, but BH + . the protonated 
form, does not. 

* The ratio between the two forms is determined by: 

1. pH at the site of absorption 

2. The strength of the weak acid or base, which is 
represented by the ionization constant, pK a The 
lower the pK a of a drug, the more acidic it is. 
Conversely, the higher the pK a . the more basic is 
the drug. 


Q Weak add 




*« fW lc pJf^ 


Acid Medium 



Alkaline Medium 
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Q weak base 



phJ' Jdtt 

weake bases j'weake acids LJ J£ 
unionized form= lipophilic uK^drugJ' ^ liikj 

WintestineJ' VjstomachJ' jjj^l ^ jl 'XLa 

aA true— -stomachJ' 

stomachJ' ^ 4^' phJ' JttLj weak acid(acetyl salicylic acid) ^ uV 

stomachJ' t> absorptiorr'-^^^ unionized formJ' ^ AakiA 


4^ Ic. 


Jll ph ^ ^excretion ^ phJ' ^ I jJl 

^ijjlipophilicuj^junionized formJ' ^ ‘diL-^jph ^DrugJ' jV 
J$^ hydrophilic ionized form J' J^jJ'ph Ul 

excretion<^sj 


Ch3cooH 
unionized form 


(acetic acid) J^J' ^ Jli* Jli 

=► CH3C00- + H+ 

(ionized form) 

J' > unionized J' ^ ^ 






i 


ph of site of absorption - 
drugJ' pka - 


pka ^ u 1 * ^ absorption 4 -L^j acidic j J 

6 pka ^ absorption basic jJ LJ 

unionized=inonizedJ' ^ ph=pka 
J-^absorptionJ unionized form J' <0^ 


A. Absorption 


GIT absorption 
Mechanisms 


2. Blood flow to the absorption site 

* Absorption from intestine is favored over that from stomach due to 
greater blood flow. 

3. Total surface area available for absorption: 

* With a surface rich in brush borders containing microvilli, the intestine 
has a surface area about 1000-fold that of the stomach, making 
absorption of the drug across the intestine more efficient. 

4. Contact time at the absorption surface: 

* Empty stomach -»T gastric empting rate (GER) ->T intestinal drug 
absorption and vice versa. 

* Parasympathetic input (during rest) ->T GER. 

* Sympathetic input (during stress) GER. 


blood flowJ' -2 

^3 Q* a\ (jLudC. ^al La] (j£ AHaLai] Ajjj Lai (j£ 

. Jllc- blood flow W kW stomachJ' i> intestine J' 


total surface area-3 

U^intestineJ' cij.... ljJj Ul surface area J' ^ jj LJ 

^L^la^l Jtilbj stomached jc. l 1000 j£l ^Loi-a l^il Ijl microvilli 

. intestineJ 


contact timeJ' jjSLL 4 

Sjjj-aj La] drug] ^aL^alal/U ^jia^)xdl dlS^Jl Aijj La] 

tO*d' ^L^VI ja. Aa>uj JJa contact timeJ' JJa diarrhea— d' ^ LI 

AlJaj (jSjjj aLt^VI ja. jjSI (JLu ^aL^ixVI constipationd' L»l 
llllllll^a. ^ empting rated'* 
absorptiond' LJ d^GER AUri Ld d*. ..absorptiond' ^iLc. ^ 
^Jjjaal absorptiord' *i£l AjjJali e^*-a j^y]^ Ijdl ^a.Li La] 

Absorptiond'^j^j GERJ' /parasympathetic input j^sat rest^'J' dla. 

Absorptiond' l&jjGERJ' JSjj /sympathetic input ur^stressJ' dU. L.I 
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p-glycoproteinJ' -5 


A. Absorption 


GIT absorption 
Mechanisms 


5. Expression of P -glycoprotein: 

• P-glycoprotein is a multidrug trans-membrane 

transporter protein. 

• Its functions include: 

v' In the liver: transporting drugs into bile for 
elimination 

* In kidneys: pumping drugs into urine for 
excretion 

^ In the placenta: transporting drugs back 
into maternal blood, thereby reducing fetal 
exposure to drugs 

v In the intestines: transporting drugs into the 
intestinal lumen and reducing drug absorption 
into the blood 

s In the brain capillaries: pumping drugs back 
into blood, limiting drug access to the brain 

• Thus, in areas of high expression, P- 

glycoprotein reduces drug absorption. 



p-glycoproteinJ' 


VjiriembraneJ' drugJ' j 

SiteJ' 1 .1 * ^ a jb-<a JlSj 

elimination^ bileJ' J 1 liver cellJ' i> drugJ' transfers / liver- 

elimination<^^j urine drugc^pump lU*3j /kidney- 
maternal bloodJ Ji ^ j Ja2. j fetusJ' j*3j drug L^pump LU*3j/placenta- 


J ^ intestine lumenJ' J' ^ e> drugJ transfer lU* 3 j /intestine- 

absorption J' lS&j 131 intestine^ ^ M' ^ ^ 

cjliiJ] over exprseeion^^ ^Ulli X-al jiijjj p-glycoprotienJl 

mal e j p- glycoprotein^ CP aJjIuiJI 

absorption 

increase the expression of it decrease drug absorption ^ lK ' 3! 

brainJl ^bloodcJ' J' drugsJpump ^ /brain- 

Jc Factors affecting absorption^ j^jM.O.AJ 

© bioavailbilityJ' 
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A. Absorption 


Bioavailability 


'"Bioavailabllity is the fraction of administered drug that reaches^ 

the systemic circulation. For example, if 100 mg of a drug are 
administered orally, and 70 mg of this drug are absorbed 
^unchanged, the bioavsiiabiiity is 0.7, or 70%. > 



bio availability^ 

Ai-aaj L> systemic circulationJi 

absorption 

^ ^ 30 first pass effect orally ^ 100 ' >>* 

effectJl lj^ ^ ^ 70 

* j* gasteric environmentJ' orall '>> 

bio availability J' ^ ^ > effectJ' circulation j' 

-E.X 

mg 1 ^ injection A mg 10 ^Aorall A inderal l$J 


bio availabilityJ' 

oralLJl ^ ^ . A*-? AUC of oral xlQQ = 

AUC of iv injection 

(area under the curve) AUCm iuJbJ^jA 

%100 = ivJ' B.AJ' lil 
cjUxu^I c j* 4 -njoj jajo&S Li' j A t>direct ^ J^jA 
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A. Absorption 


Factors influencing 
bioavailability 


1. 1 st -pass hepatic metabolism: 

* 90% of the oral dose of nitroglycerin is 
deactivated in liver, so it’s taken sublingual. 

2. Solubility of the drug: 

- Very hydrophilic drug — cell permeability 
->4- absorption. 

* Very hydrophobic drug solubility in body 
fluids l access to cell surface. 

- A drug must be hydrophobic with some 
aqueous solubility. 

3. Chemical instability: 

* Penicillin G (unstable in gastric acidity) — 
Insulin (deactivated by Gl enzymes). 

4. Nature of the formulation: 



0 _ 6 ) 


Particle size, 

polymorphism, 

excipients. 


salt form, crystal 
enteric coatings, and 

Dr. Ahmed Email 


factors affect bio availability * y l 


portal circulation-!' 




,1 aL 


First pass effect- 1 
L Ull^orallJ' ' 


circulation-!' j ^ e y* y^j liverJ' 

E.X 

jLicorall^' — Nitroglycerin drug 

sublingual-^LjJ 

4_xj^)juo a a n \ j l^jj' c^!^ - •'~ i y ^. y * Aic- 

CjUb diaj (jj y^y aLaj 


Solubility of drug- 2 

cell wallJpenetration aL^j U JS lipophilic LJ l£ 

^j^'absorption aL^jj 

absorption aL^jj cell wall(J!penetration hydrophilic drugJ' 

cJS' 


Drug stability- 3 

gastric enzymesJW y^y. ' j^' 

jUiic jn active uj^jgastric acidity J' y penicillin Gl!' / E.X 

injection 


Nature of formulation-4 

crystal J' j'particle sizeJ ' ^ ^ ^y* i> ^ B.AJ' 

excipientsJ'j enteric coatingsj poly morphism 

Ailxill oLLaII JjSaa olS JjLudC 

jjjjlj y\ (JjIa j jjjjlj (j £LJj 
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Difference between bio equivalence&Therapeuti equivalence 


I A. Absorption 

Bioequivalence 

Two related drug preparations are bioequivalent if they show 
comparable bioavailability and similar times to achieve peak 
blood concentrations. 

A. Absorption 

Therapeutic equivalence 


• Two similar drug products are therapeutically equal If 
they are pharmaceutically equivalent with similar clinical 
and safety profiles. 

• Clinical effectiveness often depends on: 

1. Maximum serum drug concentrations. 

2. Time required to reach peak concentration. 

• Therefore, two drugs that are bioequivalent may not be 
17 the ra peuti cal ly eq u i va l&nl^d Enu t 


bio equivalence 

Jjj j branddj' ^ '^already blj <i>d' djb ■^drug 

Adic-li 4_Lo (Jal ^ J ^ J ^^C-bj IjA]| jbb jjLc.j 

^ Ijdl jj iib ijbSb djV' 'jdb ^ j volunteers u> 4 

Timed' j , <41 4concd' dose response curved' 

2 drugsd' ^ jHa 

C J' T maxd' jb^jBrand ,d' aUCAp 4' Ml ^bj AUGd' <*4? 

max 

bio equivalence 4* 131 — curved' <*$d ^ 

Therapeutic equivalence 
clinical featured'j safetyd' jb£j therapeutic effectd' 4 similar drug 2 

^Jc. AaLcIJ oj j 

<4! maximum conc- 

time required to reach cone peak- 

bio equivalence ^dj AUCd' 4 drugs 2 jj£j 

. safe ^Mjside effect yf Therapeutic equivalence 

cJj&j (jLujc- 

(2drugs that are bioequivalent may be not therapeutically equivalent) 

absorptiond' pharmackineticsd' c> dj' <>.£ 


12 


distribution: ^ ^ 


DISTRIBUTION 

Distribution: is the process by which the drug leaves the blood 
stream and enters other body compartments (Interstitial and 
Intracellular) . 


© 




Def of distribution 


body lH c bloodJ leave ^^drugJ' ^ ^ process J' 

compartments 


(j-a ( % 60 fluidsJl Cy* u^ jaLS '^l f jud ^ ^ . u ^ 

%40 Intracellular 

%5 plasma- + %15 interstitial fluid- Extracellular 


3 ^ jji j2b drug ^ bJ cjL 


ci^jintracellularJ Vj interstitial spaced ^ <jj\i 

m? ^Uh 
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Factors affect distribution 





blood flow- 1 


capillary permia bility-2 


binding to plasma proteins-3 


volume of distribution-4 

B. Distribution 

1. Blood flow 


• The amount of the drug which is delivered to a particular 
organ depends on the blood flow to that organ 

| 

I • Brain, liver, Kidney > Skeletal muscles. 

I 

• Thiopental (general anesthetic) T lipid solubility + high 
blood flow (brain) = very rapid distribution -► very rapid 
effect. 

| 

[ 

1 

If 

I _ _ _ _ 

[ 

if 

If # 

If blood flowJ i Vji 

if 

i druge distributionJ' LJ JS organJ Jl' A *A L. 

If 

[I skeletal Jl i> _>&' drug distributionJ' brain/kidney/liver J' 

| muscle 

if FX 

I. E ' X 

jjjiSj ^ anesthetic “-“Thiopental 

I 

o% 

jjlij high blod flow ^ brained > jL£j lipo philic drugs ^>1 j* 

<c. jx*} r IU^ rapid efecl^o^ rapid distribution 


L 
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capillary permiability- Jt 


B. Distribution 


2. Capillary permeability 


A. Liver & spleen capillaries: 

Large pan of the basement membrane is discontinuous -> 
exposed -> large plasma proteins can pass through the slit 
junctions. 

B. Brain capillaries: 

• The capillary structure is continuous, and there are no 

slit junctions blood brain barrier (BBB). 

• To enter the brain, drugs must pass through the 
endothelial celts of the capillaries of the CNS or be 
actively transported. 



permeability J' basement membrane J' spleenJ'jliverJ' Morgans ^ 

jjjj£ drug d» otxAj 1 g V-li: 

LaLaJ 

brainJ' 

I slit continuous jj% basement membrane J' ^ j*** structured 

BBBfblood brain barrier) c^^tight junction 

u^lipophilic uj^ ? jV drug J' jbic. j 

.active v hydrophilic drug j* jAjM brain J' lO d 3 

transport 
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/ms 

binding to plasma proteins 




Complex (Drug + PP( 


Active form 


► Inactive from 


- When the free drug concentration is decreased 4 the binding drug converted to free drug -> to 
give the same action. 


plasma protein(pp)Jb ^ j # ^ ^ Ij-dl ^ 1 2 * * * 6 

A free A drugJ realse LJ U in active complex 

active * 


(jc. <jjajjsu jVi JSj drugJ Ld equilibrium ^ JaUijI 

Aj free fJ cjjgj drugJ t> *>d release lU*j ^drug complexJ ^ 

. I^a j^tL jjjUH active form J 

drug interactionJ A ^ ^ * j=J 

warfarinJj sulfa drugJ lO pp J affinity f&d 2 drug J ^ 

affinity W sulfa drugJ' eJ J^j* sulfa drugJ ^ warferin patientJj 

l free active form ppJ mm:* warfarin J' ppJ Jc.1 

expected dose Jl i> A lSjjj' toxicity 


B. Distribution 


3. Binding to plasma 
proteins and tissues 


1. Binding to plasma proteins: 

* Drug (D) + plasma protein fF) : DP - {slow dissociation) -> D+P 

* Plasma albumin is the major drug-binding protein. 

* It acts as a drug reservoir: when (D)i-* (DP) dissociates -» free (D) -► 
maintains the free-drug concentration as a constant fraction of the 
total drug in the plasma. 

2. Binding to tissue proteins: 

* Drugs may accumulate as a result of binding to lipids, proteins or 
nucleic acids. 

* These tissue reservoirs may serve as a major source of the drug and 
prolong its actions. 

* They may cause local drug toxicity. Ex: acrolein, the metabolite of 
cyclophosphamide is toxic to the kidney because of its accumulation 

in renal cells. 


16 






binding to tissue © L^l & ppJl binding ^ JIa drugJl 

lO V^'j tissueJ' t> ^accumulation I J^j. 3 ^ lO 

prolong actionJ' reservoirs jl storage 

^metabolism ^ anti cancer ^cyclo phosphamide Jl lj^ lO 
.renal cells©J' ^ accumulation V 3 ' ‘^s 13 toxic ^jacrolein 


B. Distribution 


UjIj 

Volume of distribution 
4. Volume of distribution 



Plasma 

Interstitial 

volume 

Intracellular volume 


10L 


£x&ncWhfarftfM 


2SL 

nr 


Tot 3 1 body 
water 

42 L 


^3 

£ D- 

f # 
il 
1 
ii 

« j 

P D 

27 3 


I? 
» 2 
5 1 


%■ TO 

II 


?? jiil 42 = *l-*%60 131 Lp' J 

14 — extracellularJ'j 28 Intacellular 


4plasma 


10 L 

interstitial 



distribution Jl * j*i jjjjl^ j utj*-® Ij^ j3al jl 
^.intracellular^ £ Vj interstitial fluid Jl plasma J' ^ J^a J* 

(jLudC. 

equation of volume distribution(apparent volume)Ji <»jV 

« Def. The apparent volume of fluid into which an administrated drug is dispersed. 

Q (Total amount of drug in the body) 


Vd (Volume of distribution) = 


C’j) (Plasma concentration of the drug) 


tissuesJ! Jc- ^-il eU*-a oj aj^ Vd 4 -ajS La! J£ 131 - 
bloodJ' ^restericted <jl oj & VdJl jl L >^jdl Ul - 
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B. Distribution 


4. Volume of distribution 


As V d T— ► Drug is more hydrophobic 

As V d >L — > Drug is more hydrophilic 
As V d <|r— > Drug has f affinity to plasma proteins 
As V d T— ► Drug has T half life since most of if is m the 
^y frap/asm/c space and unavailable to excretory 

28 fans (liver & kidney). ” 



MCQ(©J' J* )distribution J' ^ VdJ' aj jl U J£ 




intracellularJl J^> hydrophobic= j'lipophilic ' jJ' 

pp low affinity binding ^ 'jJ' cP'- 

^ u^j intracellularJl J^j£ high half life ^ 

excretion 4 -L^j <gi plasmaJ' 

Jli. 

Adrug has quantity of 10 mg and the C0=1 mg/L. expect the volume of 

distribution?? 

Vd=Q/C0 =10/1= 10 liter 

interstitial =10 literJ'j jJ 4 jV interstitial J' ^ M' 
unite]' Cy* Ulb JjL^ *> . j """""""'as. aj jjjjli]' Jli jjj£a" 

Mg/L =ugm/mm L jl 


llilk© 

plasma ^ high molecular weight j high polar Jl' drugJ' <^'- 

interstitial l!' ^ low molecular weight jhydrophilic drugJ' J'- 

^ low molecular weight jlmore Hydrophobic drugJ' J'- 

intracellularJ' 
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Metabolism 


C. Elimination through 

Drug metabolism j 

METABOLISM 

reactions 


• Drug (lipophilic) -► reabsorbed at renal tubules not 
excreted. 

* Drug (lipophilic) ->Phase I & Phase II reactions (liver) polar 

excreted in urine. 


( 30 ) 


\ foidiiei, 

rtdiiitiAn, 

!■ nd/sr 

~ r . lydrolyiit 




Ffll!owingPiJB«l,th*dr«amj)fb* 
yidiengnl, or, mosl inKtivfltvd. 
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Cp more polar molecules Jl lipophilic drugJ' processJ' 

NH3 j'oH J' lO polar gpjU^lj introduce 

2 phases 

NH j'cooH j'oH j^oxidation. reduction. hydrolysis --Phase 1 

group 

jUic more polar compound J' fh cj polar gpJ' Phase2 

glucouronic J' lsJ ^conjugation reaction J' Cp secretion 

. sulfuric Jl j' acid 

phase lJl Wiib* 


hydrophilic J&l hydrophopic gp J <4? steroid nuclus ^ 



oH J' ^ j hydrophilic hydrophobic j gpJ mask <^1 « 

hydrophilic ^ <ubJ Exposure lU^' j' 
acid form J' dj=^ esterase enzymeJ' s-> esters J' ^ j 


Jb. 


Esterases 


,x„ 




OH 




Alcohol 
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phase 1^ 

L_> flL 

phase 1 reaction involve p450 enzymes- 
phasel rection not involve p450 enzymes- 


c. 


Elimination through 
METABOLISM 


Phase I using P450 




* Phase I reactions are catalyzed by the cytochrome P450 
system (microsomal mixed-function). 

• Cytochrome P450 (CYP), is a superfamily of heme-containing 
isozymes that are located in most cells but are primarily 
found in the liver and Gl tract. 

! Irdlcatoa id CYP gore j - i 1 IndEXilL-G larnilj-" t 




|j Inrfcffnea. siiifairilyS j j InriicKtKsinrfivid.iaJ CVP J 


• Four isozymes are responsible for the majority of P450- 
catalyzed reactions: CYP3A4/5, CYP2D6, CYP2C8/9, CYP1A2. 

• CYP3A4 are found in intestinal mucosa, accounting for 
31 the first-pass metaboli&ia^&fWcIrugs. 


phase 1 reaction involve p450 enzymes- 

j'oxidation cytochrome p450W^' Cjp ^ 

drugJ hydrolysisj'reduction 

r$j\\ ja — familyV^ 

letter a.b.d-sj^' j* Jll— Sub family 

,CYP2C8/9 ,CYP2D6 , CYP3A4/5 uu iso enzymes H > 

CYP1A2 


C. Elimination through 

METABOLISM 


Phase I using P450 


GENETIC VARIABILITY OF CYP P450 

• Genetic polymorphisms may render different activities of the 
CYP isoenzymes (individual or racial). 

^CYP2D6 N 

Weak/absent isoform of CYP2D6 -► no o-demethylation of 
codeine -> i formation of codeine active form -► i drug actions. 


CYP2C19 

Weak/absent isoform 
clopidogrel (prodrug) - 
black box warning). 


of CYP2C19 no activation of 
► t risk of cardiovascular events (FDA 


Dr. Ahmed Em at 
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enzymes J' j&*\- 


(J-flLaJl Ijl dlLhaJl Ja*J ^ 4 K ni a ^aAAiC- Jj! (jjAill 

lO ^^4 actionJ' lU*^a Jl Julb UUS J J%AmetabolismJ' 


W »l lU^a Jlkl jl Ji jl— CYP2D6J' ^ 

methylated J' uj%* codeinecU methylation lUjj fjJVl ^ 

analgesic actionsJ' ^jMorphineJ' j* ^ — form(active form) 

l^I codeineJ JL CYP2D6 ^ fjJVI JS J LI 




(methyl morphine) 


CYP2C19- 

active (anti platelets '>>)clopidogrelJ deactivation lWj <Jil ^ 
J' aJ Jo cjliaij! y* protection Je j form 

cj Uakil Ajja jc. jj%A jUlUjclopidogrelJactivation Jl 4-jLc- :u*i 


C. Elimination through 
METABOLISM 


Phase I using P450 


CYP INDUCERS 

• CYP inducer (A) + CYP substrate drug (B) -» 

1. i plasma (B) concentrations (-1 AUC) 

2. i (B) activity if the metabolite is inactive 

3. T(B) activity if the metabolite is active 

4. i therapeutic drug effect. 

• Examples 

1. Rifampin (anti-TB) CYP inducer + HIV protease inhibitor 
-> i ability to suppress HIV virion. 

2. Phenobarbital CYP2C9 inducer + Warfarin 
(anticoagulant) -► i anticoagulant effect (stroke). 

'33) Dr Ahmed Esmat 


inhibitors J^j Inducers CYP450J' i> J 
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(LMEI=Liver microsomal enzymes inducers) inducersJ' 

l W'j 'jJ' £bj therapeutic effectJ' Jb*j concJ' cfe* JUbj I jJ' j jJ $a- 

doseJ' 

E.X 

JV— - HIVJ' ^ f ^ J * 1 2 3 4 CYP450 Inducers ^ TBJ' ^ 'jjRifampin -1 

ajjjo^j j jJja 4i^HIV drugJ' EffectJ' jjbb 

(anti coagulant' j^) warfarinJ' £* CYP450 Inducers-- phenoparbital-2 
. cj Uakil ^ja jc. J&' Jblbjwarfarin J' ^b^effectJ' J%a j 


C. Elimination through 
METABOLISM 


Phase I using P450 


CYP INHIBITORS 

• CYP inhibitor (A) + CYP substrate drug (B) 

1. T plasma (B) concentrations (T AUC) 

2. t (B) activity if the metabolite is inactive 

3. 4(B) activity if the metabolite is active 

4. T therapeutic drug effect. 


• Examples 

1. Omerprazole CYP inhibitor + Warfarin -► t anticoagulant 
effect — ► t hemorrhage & bleeding. 

2. Grapefruit juice CYP3A4 inhibitor + nifedipine, t drug 
cone. — » t therapeutic/toxic effects. 



(LMEI=Liver microsomal enzymes )CYP450 Inhibitors^ j 

inhibitors) 

therapeutic J' 4UU b^pbi' ^drugJ' 43 jtJ* Jblbj cjUjjjV' j^jjJbA-l 

'jJ' effect 

E.X 

warfarinJ' JILa WarfarinJ' £*CYP450inhibitor^ omeprazole- 1 
bleedingj hemorrhage J' lPj^j b^pull 

Jbibj nifedipine(-^^ 'j^)J' ^ CYP450inhibitor^ grapefruit -2 
fJ' ^ J' lSAa* j , nifedipine J' £bj effectJ' 
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phase 1 reaction involve p450 enzymes 
phase 1 reaction not involve p450 enzymesJ' Jc. 


C. Elimination through 
METABOLISM 


Non- P450 Phase I 


• Examples 

1. Oxidation of catecholamines or histamine. 

2. Ethanol oxidation. 

3. Hydrolysis of procaine. 


CYP450 EnzymesJ jp- 1 > & crt phase 1 reaction 


epinephrinJj csjoxidation of catecholamines or histamine -1 


MAO enzymeJ' if- 



alcohol dehydrogenase enzymes— Ethanol oxidation -2 



Acetaldehyde 


O 

OH 3 — o— OH 
Acetate 


Hydrolysis of procaine-3 
esterase enzymes- 1 — 
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c. Elimination through Phase II reactions 
METABOLISM (conjugation) 

• Conjugating moieties: 

1. Glucuronic acid 

2 . Sulphuric acid 

3. Acetic acid or amino acid 

• Conjugation -> drug with 4 activity (XPT morphine-6- 
glucuronide which is more potent than morphine). 

• Neonates are deficient in conjugating system -» vulnerable 
to drugs such as chloramphenicol -» gray baby syndrome. 

• Drugs already possessing an -OH, -NH 2 , or -COOH group 
may enter Phase II directly and become conjugated without 
prior Phase I metabolism. 

• Isoniazid is first acetyiated (a Phase II reaction) and then 
hydrolyzed to isonicotinic acid (a Phase I reaction). 

phase 1 U^k •.£ 
(OH.cooH.NH)d' ^jpolar gp Jt 

JS'more polar conjugated bit j*j Phase2 Cf- 


d' ^conjugation isj 
glucouronic acid- 
sulphuric acid- 
acetic acid or amino acid- 


N.B 

metabolismJt 

conjugation Jt exception ^ effectJ' 

morphine 6 glucouronide <^1 — morphineJ' ^conjugation <Jt <jil ^ j 

morphineJt ij^More potent 
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eye dropsJ' ^antibiotics & uu... . chloramphenicol u^- 

gray baby syndrome ^ J' LS^jorally u ,L *j cw 

o^iu^phase 2 ^oH chloramphenicol ^ 

conjugation liver J jis immature liver enzymes 
JuLj RBCsJ' bone marrow suppression lU*jj ^ ijii 

. (jjUl (jjlll (j/0 Jja»Ij 



isoniazid^u (_£jj! 4-U jc- IjJ U^ic- 
acetylation JjVi — -phase2 ** 
isonicotinic acid Ji hydrolysis phasel ^ 

AoelyLhydradiH! 


N M 

I 

N Hj 


f_S n r i i i -c> I i iaic- :n ii I 


AJluiVI 



1 -facilitated diffusion 


2-passive diffusion 



4-endocytosis 


3-active transport 
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